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Introduction

We welcome the critical response by O’Grady et
al. (2008) to our article (van der Linde & Houle
2008), as it raises several interesting general points
about supertrees and points out areas where details
of our analysis were insufficiently clear. On the
other hand, O’Grady et al. also misrepresent what
we have done and what we conclude on the basis
of our review.

O’Grady et al. make three broad points. First,
they point out potential problems with the
supertree approach that are, in practice, difficult to
eliminate. Second they detail areas of our super-
tree analysis that they find deficient. We argue
below that these rest either on their misunder-
standing our methods (some of which results from
our lack of clarity) or on deficiencies in the avail-
able data. Third, they object to the use of our
supertree as evidence for taxonomic revision of
the genus Drosophila. The taxonomic status of
Drosophila is not the subject of our paper, al-
though our results are certainly relevant to that dis-
cussion. We discuss each of these three broad
points in turn.

The goal of our original paper was to provide as
detailed a phylogenetic hypothesis for as wide a
selection of taxa in the subfamily Drosophilinae as
the data will support, by drawing on the extensive
but scattered literature on drosophilid phylogeny.
Knowledge of the genetics, genome, and biology
of Drosophila melanogaster is among the best for
any metazoan, and knowledge of many other spe-
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cies is also increasing rapidly, as exemplified by
the 12-genome project (Drosophila 12 Genomes
Consortium 2007). Many other species currently
assigned to the genus Drosophila have served as
models in evolutionary biology. This background
information presents a huge opportunity for com-
parative biology in the larger clade. The lack of a
comprehensive, well-supported phylogeny of the
clade containing these species is a major impedi-
ment to exploiting this opportunity.

Given the potential scientific benefits of com-
parative analyses in the Drosophilidae, the lack of
a comprehensive phylogeny for this group is a
scandal. The symptoms of this deplorable situation
are described in our original article. Although
many fine studies of clades within the currently
accepted subgenera of Drosophila are available,
the coverage of the closely related genera is quite
poor. Authors have noted strong evidence that the
genus Drosophila is paraphyletic for over 30 years,
yet the coverage of taxa not currently assigned to
the genus Drosophila is still quite scant. Few stud-
ies use more than a handful of genes, and none
employs sampling of taxa that could be considered
adequate for phylogenetic questions at the family
or subfamily level.

We therefore see the following contradictory
situation. The opportunities for comparative biolo-
gy in the Drosophilidae are very great, yet the data
with which to construct a phylogenetic hypothesis
are relatively weak. This situation is the important
background to our supertree analysis and review.
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Supertree analyses

O’Grady et al. (2008) capably outline the potential
difficulties that may be encountered in assembling
a supertree. We are in complete agreement with
these points, and we cited literature covering the
same issues in our paper. On the other hand,
throughout their critique, O’Grady et al. imply that
a supertree analysis is a simple matter of following
a set of clearly defined best practices. Unfortun-
ately the actual data available for most supertree
analyses are far from ideal, and one is forced to
balance taxonomic coverage, independence of
data, and objective weighting criteria. These sorts
of situations inevitably introduce a subjective ele-
ment into supertree analyses. Many of O’Grady et
al.’s (2008) criticisms are of precisely these
inevitably subjective decisions.

Specific criticisms of our input data

O’Grady et al. (2008) criticize our selection of
data in the following areas.

Statement of criteria for the choice of input trees

O’Grady et al. (2008) are right that we did not pro-
vide a sufficiently explicit statement about the
selection of the input trees. We endeavoured to
locate all the literature on drosophilid phylogenies
and searched Web of Science, Google Scholar,
TaxoDros (Bdchli 1999-2008), and the literature
lists of phylogenetic articles for relevant publica-
tions. For each publication, we determined the in-
dependent sources of data (e.g., genes, morphol-
ogy, chromosomes; cf. Bininda-Emonds et al.
2004) and selected the most comprehensive tree
for our analysis. If several trees were equally com-
prehensive in taxa covered, we favoured trees with
an adequate nucleotide substitution model over
trees that lacked such an approach, as the variation
in nucleotide content varies dramatically within
the family Drosophilidae (Anderson et al. 1993;
Moriyama & Hartl 1993; Rodriguez-Trelles et al.
1999; Tarrio et al. 2000, 2001; Powell et al. 2003;
Tamura et al. 2004; Clark et al. 2007; Heger &
Ponting 2007). We also tried to minimize the over-
lap between articles using the same criteria (e.g.,
Kopp & True 2002 and Kopp 2006) but accepted
some overlap in order to maximize the total
species coverage.

The charitable reader will note that we raised
data-selection issues in our original paper and pre-
sented some specific examples of our decision-
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making process. Furthermore the full list of trees
we used and their weights is given in our paper.

Our designation of outgroups

O’Grady et al. (2008) claim that the composite
outgroup used in our analysis included members
of the family Drosophilidae. It did not. As ex-
plained in our article, our outgroup was a compos-
ite made up of data from only the non-drosophilids
in our sample of phylogenies. O’Grady et al.
(2008) also criticize us for using a composite out-
group at all, but this practice is standard in super-
tree analyses, where it is known as the semirooted
MR-outgroup approach (Bininda-Emonds et al.
2004).

Not using input trees preferred by
the original authors

O’Grady et al. (2008) claim that, when multiple
trees are presented in one study, the choice of the
trees preferred by the authors of the original paper
should be preferred, and they cite two papers in
support of this contention: Gatesy et al. (2002) and
Bininda-Emonds et al. (2004). In fact, Gatesy et al.
(2002) did not address this issue, whereas Bin-
inda-Emonds et al. (2004) advocate a much more
elaborate decision scheme than O’Grady et al.
(2008) state. If we limit the suggested protocol to
the section dealing with multiple trees within a
single study, Bininda-Emonds et al. give the fol-
lowing sequence to determine which trees to in-
clude. The first step is to determine all independ-
ent data sources, such as single genes, and unique
combinations of these independent data sources,
as well as non-overlapping taxon sets for a single
data source. Trees based on each of these data
sources can be included. In the case of non-inde-
pendent source trees, in other words, trees based
on the same underlying data and same or overlap-
ping taxon sets, they suggest using the most com-
prehensive tree, and if such a tree is not available,
the tree explicitly preferred by the authors, and if
that is not available, the consensus of the non-
independent trees. Finally, if all else fails, they
suggest constructing a mini-supertree and using it
as a source tree in the supertree analysis.

Our approach closely mimics the suggested pro-
tocol of Bininda-Emonds et al. (2004). We first
determined the independent data sources within a
study and then selected the most comprehensive
tree of those available for each independent data
source. Contrary to the suggested protocol of Bin-
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inda-Emonds et al. (2004), we included trees
based on unique combinations of multiple inde-
pendent data sources, such as the total-evidence
tree, only if we did not include trees based on the
various independent data sources, because we feel
that including both is effectively pseudoreplication
of the data, despite arguments advocating ‘signal
enhancement’ (sensu de Queiroz et al. 1995).

Use of unpublished trees

O’Grady et al. are correct that we used two not-
yet-peer-reviewed trees (van der Linde et al. in
press). As noted by Bininda-Emonds et al. (2004),
the use of unpublished trees can decrease account-
ability. On the other hand, omitting them will limit
the taxonomic coverage of the analysis if relevant
unpublished data are known to the authors. We
have therefore provided O’Grady et al. with the
unpublished manuscript so that they can check the
validity of our analysis. We also obtained two trees
reported on by Katoh et al. (2007) about which full
details had not been included in the original paper.

Weighting of input trees

O’Grady et al. (2008) suggest that we used an
inappropriate weighting scheme for our input trees
and that the weighting scheme should have been
based on measures of nodal support. We did not
use this method because many of the source trees
did not include such support measures (Bininda-
Emonds & Sanderson 2001), whereas support
measures obtained by different methods (e.g., pos-
terior probabilities, Bremer support, bootstrap val-
ues) are difficult to compare (Cummings et al.
2003; Douady et al. 2003; Erixon et al. 2003;
Svennblad et al. 2006). Limiting source trees to
those with the same support-measure estimates
would have greatly compromised the taxonomic
coverage of our analysis and is contrary to com-
mon practice. Generally, weighting schemes are
arbitrary based on, for example, large as opposed
to small sets of data (Liu et al. 2001) or omitted
altogether. Burleigh et al. (2006) suggest the use of
alternative weighting schemes based on the num-
ber of variable characters or the total length of
sequence, but they did not investigate the effect of
those weighting schemes relative to alternatives.
Those schemes favor base-pair counts over inde-
pendence of sources. Our weighting scheme, to the
contrary, favors the number of independent data
sources. For example, a study that used a single
long sequence would not be weighted as heavily as
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one that used several independent shorter se-
quences. In the absence of formal studies examin-
ing the various weighting alternatives, the choice
of either weighting scheme is subjective and open
to criticism.

We clearly stated in our original article that the
weights were based on the numbers of genes used
for the tree, with three exceptions, to all noted by
us in the original paper. The first was to substitute
the average number of genes per species in those
studies where the average was considerably lower
than the total number of genes used. The three
such exceptions are all listed in Table 2. In addi-
tion, we assigned a weight of 5 to the 12-genome
tree from Drosophila 12 Genomes Consortium
(2007), even though it is based on sequence from
over 300 genes. O’Grady et al. provide contradic-
tory criticisms on this point. They imply, on the
one hand, that it should be weighted more heavily
because of the large number of genes and, on the
other, that it should be less heavily weighted
because of the small number of taxa. Clearly, how-
ever, increasing the weighting factor for this
source tree would not have changed the outcome,
as the 12-genome tree is actually congruent with
the resulting supertree, as we stated in our article.
A final exception to our weighting scheme was to
reduce the weight of the study by Oliviera et al.
(2005) to compensate for the large overlap of this
study with others already in our sample. The last
two weighting decisions are subjective but do have
clear rationales.

Data analysis

O’Grady et al. (2008) criticize our analyses for
sampling tree space too sparsely and for not esti-
mating support for the nodes in our tree. The
reanalysis of our weighted data by O’Grady et al.
(2008) resulted in a nearly identical tree; the only
difference from our tree was in the tripunctata
clade, where a solution one step more parsimo-
nious was obtained. Their unweighted tree was
substantially less well resolved, as was ours, the
very reason why the use of weighted supertrees is
recommended (Bininda-Emonds & Sanderson
2001).

Sampling tree space

A major criticism by O’Grady et al. (2008) is that
we might have searched tree space insufficiently
and that many more equally parsimonious or even
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more parsimonious trees could have been found.
This issue besets all heuristic searches that include
large numbers of taxa; they are not guaranteed to
find the best solution for a variety of reasons, in-
cluding arrest to a suboptimal local minimum.

The analysis of this set of data produces a large
number of equally parsimonious trees, a result
essentially caused by the multiplicative effect of
several small local clades that are not well
resolved. Each such clade generates a finite num-
ber of equally parsimonious solutions, but for a
tree that contains more than one such poorly
resolved clade, the number of equally parsimo-
nious solutions is the product of the number of
solutions for each such clade.

To determine whether we had missed addition-
al, more parsimonious trees, we analyzed all major
clades independently, without limiting the Max
Tree variable. For the clades in question, we sub-
jected them to searches using closest and random
addition, as well as using a starting tree. The best
results were identical to our previous results, with
the exception of the immigrans-tripunctata clade,
where we recovered the same one-step-shorter
solution found by O’Grady et al. (2008). Each of
the section analyses resulted in a limited number
of equally parsimonious trees (Sophophora: 158
trees; Hawaiian Drosophilidae: 35 trees; virilis-
repleta radiation: 720 trees; immigrans-tripuncta-
ta radiation: 7 trees). Multiplying these numbers
produces a prediction of 27,871,200 equally parsi-
monious solutions. All but one of the polytomies
were caused by either a single or a few unstable
species. When those species were removed, analy-
sis of the entire combined set of data yielded only
16 equally parsimonious trees, with exactly the
same topology as our original analysis except for
the absence of the removed species.

Another major criticism by O’Grady et al.
(2008) is that we did not obtain statistical support
measures for our tree, for example by source-tree
bootstrapping. We agree that estimating support is
very desirable. We did not do so because the nature
of the input data would cause such measures to be
biased. Bootstrapping of sequence data by nu-
cleotide gives sensible measures of support
because of the exchangeability of each site in a
sequence. That is, no site is expected, a priori, to
be more informative than any other site. This
exchangeability property is seriously violated in
the case of the source trees in our analysis. Studies
in our sample differ in the number of genes used
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(and in whether sequence was used) but, more
importantly, in taxonomic coverage. Studies in our
sample used as few as 4 taxa and as many as 165.
Resampling at the level of source trees can there-
fore only result in coverage of taxa that is less bal-
anced than that in our original selection of trees.
As shown in our original Figure 2 and in our
accompanying text, taxa that are only included in
sparsely sampled or small numbers of trees will
necessarily have a more uncertain position than
that estimated from the full data set. The probabil-
ity that any particular tree will not be represented
in a particular bootstrap sample is 1/e = 0.368. The
minimum number of trees a taxon had to be in
before we included it in our analysis was only
three. Each taxon appearing in just three trees will
be missing in 5% of all bootstrap samples, present
once in 9%, and present twice in 15%.

Supertrees as guides for taxonomy

We agree with O’Grady et al. that taxonomic revi-
sions should be based on solid evidence. As a
result, all evidence present in the studies covering
a single group should be considered and the results
of a single study not permitted to dictate the out-
come of such an analysis. Therefore, proposals to
revise a taxon are always based on combining the
data of many studies. Formal supertrees are one
tool that can be used for this purpose.

Conclusion

The primary goal of our supertree analysis of the
family Drosophilidae was to provide a phylogenet-
ic hypothesis for the group to further our ability to
do comparative analyses. Of particular concern to
us was to maximize the number of taxa that were
covered by our analysis while still preserving ade-
quate data from which to draw conclusions. These
twin goals led us to many compromises, many of
which inevitably have subjective components.
Clearly, other authors might have made such deci-
sions differently. Overall, we believe that the deci-
sions we have made were sound. We will be happy
to furnish the data on which our analysis is based
to any researcher who wishes to investigate the
effects of these decisions on the outcome (as we
have already done with O’Grady et al.) or to per-
form more extensive analyses as more data
become available.

In summary, we agree with most of the general
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points about supertrees raised by O’Grady et al.,
but most of their criticisms of our study are based
on misunderstanding or misrepresentation of our
article. As we have shown, our analysis was rela-
tively conservative (e.g., omitting total-evidence
trees when we used the individual gene trees of a
publication, contra Bininda-Emondset al. 2004,
see above), and the resulting tree was probably
very close to the most parsimonious tree. We have
also shown that our analyses are very unlikely to
have missed a substantially different, more parsi-
monious tree. This is also reflected in our reanaly-
sis of the data — omitting the two trees by van der
Linde et al. (in press) and including the maximum-
parsimony tree recently published by O’Grady &
DeSalle (2008) — which resulted in tree largely
congruent with our tree. To conclude, the tree pre-
sented in our paper forms a solid hypothesis for
the phylogenetic relationships within the genus
Drosophila and its included genera.
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